A matching set M in a graph G is a collection of edges of G such that no two edges from M share a vertex. In this paper we consider some parameters related to the matching of regular graphs. We find the sixth coefficient of the matching polynomial of regular graphs. As a consequence, every cubic graph of order 10 is matching unique.
Introduction
A set of independent edges of a graph G is called a matching of G. A matching M is maximum if there is no matching in G with more edges than M . The cardinality of any maximum matching in G is called the matching number of G and is denoted by α ′ (G). If each vertex of G is incident with an edge of M , the matching M is called perfect. Only graphs of even order n can have a perfect matching and the size of such a matching is n 2 . A matching M in G is maximal if no other matching in G contains it as a proper subset. The cardinality of any smallest maximal matching in G is the saturation number of G and is denoted by s(G) (the same term, saturation number, is also used in the literature with a different meaning; we refer the reader to [9] for more information).
If a graph G has a maximum matching of size k, then any maximal matching has at least size k 2 ( [8] ). This implies that s(G) ≥ α ′ (G) 2 . We recall that a set of vertices I is independent if no two vertices from I are adjacent. Clearly, the set of vertices that is not covered by a maximal matching is independent. This observation provides an obvious lower bound on saturation number of the graph G, i.e. s(G)
where G is graph of order n ( [3] ).
An r-matching in a graph G is a set of r pairwise non-incident edges. The number of r-matchings in G is denoted by ρ(G, r). The matching polynomial of G is defined by
where n is the order of G and p(G, 0) is considered to be 1 (see [10, 11, 12, 13] ). Two graphs are co-matching if their matching polynomials are equal. A graph that is characterized by its matching polynomial is said to be matching unique. Computation of matching polynomial is equivalent to computation of the number of k-matchings in the graph, for all k. The Petersen graph is one of the famous graph which is a symmetric non-planar cubic graph of order 10. Behmaram established a formula for the number of 4-matchings in triangular-free graph with respect to the number of vertices, edges, degrees and 4-cycles. Also he has proved that the Petersen graph is uniquely determined by its matching polynomial [7] . The Petersen graph is one of the cubic graphs of order 10 and this is natural to study the matching polynomial of all of cubic graphs of order 10 which some of them are not triangular free. Vesalian and Asgari in [15] has obtained a formula for the number of 5-matchings in triangular-free and 4-cycle-free graph based on the number of vertices, edges, the degrees of vertices and the number of 5-cycles.
In the next section, after investigation of the saturation number and the matching number of cubic graphs of order 10, we establish a formula for the number of 5-matchings in regular graphs. Using our result, we present the matching polynomial of cubic graphs of order 10 and conclude that every cubic graph of order ten is matching unique.
Main results
First we consider the saturation number of cubic graphs of order 10 as a special kind of regular graphs. We recall that a cubic graph is a 3-regular graph. There are exactly 21 cubic graphs of order 10 given in Figure 1 (see [14] ). Note that the graph G 17 is the Petersen graph. The following observation presents the saturation number of cubic graphs with 10 vertices. Note that s(G 21 ) = 5. Since each 2-connected 3-regular graph has a perfect matching and a maximum matching in a disconnected graph consists of the union of maximum matchings in each of its components, so we can conclude that every cubic graph of order 10 has perfect matching. Thus for each 1 The domination polynomial and the edge cover polynomial of cubic graphs of order 10 has studied in [1] and [2] , respectively. It has proved that all cubic graphs of order 10 are determined uniquely by their edge cover polynomials, but this is not true for their domination polynomials. Here we consider the matching polynomial of regular graphs. Suppose that G is a regular graph of degree r with n vertices and Γ m,k,i is an isomorphism class containing i kind of spanning subgraphs of G, with m edges from G and k vertices of degree 1. Let G m,k,i denote a representative chosen from Γ m,k,i and g m,k,i is the cardinality of the set Γ m,k,i ( [6] ). Then the matching polynomial of graph G can be expressed as follows
Note that g m,2m,1 denotes the number of m-matchings of the graph G, for each m and that g 0,0,1 = 1. The following theorem gives an approach for acquiring the coefficients of the matching polynomial of regular graphs.
Theorem 2.2 [4]
Suppose that G is a regular graph of degree r on n vertices. Then for each combination of m, k and i * there exist constants a j,i = a j,i (n, r), that depend on G only through n and r, and constants a i that are independent of G, so that
By We follow approach in [5] to derive a formula for the sixth coefficient of the matching polynomial in regular graphs, i.e., g 5,10,1 .
We start with possible subgraphs on five edges or less (see Figures 3 and 4) and determine the subgraphs with 5 edges and a vertex of degree 1. Then remove the edge incident to degree 1 vertex and call other endpoint w. We identify vertices isomorphic to w and then add back a single edge, attaching one end at vertices like w. Finally, we determine the types of subgraphs formed and the amount of overcounting. Note that the subgraphs with no degree 1 vertices are free variables. For example, Let H be a subgraph of regular graph G with 5 edges. The following theorem gives the matching polynomial of cubic graphs of order 10 as a specific kind of regular graphs. Note that for every cubic graph G of order 10, α ′ (G) = 5 and so it is enough to obtain g m,2m,1 for every m ≤ 5. where g 3,0,1 , g 4,0,1 and g 5,0,1 are the number of circuits on 3, 4 and 5 vertices, respectively and g 5,0,2 is the number of subgraph Q, where Q is the graph in Figure 5 .
